(Received August 29, 2002) Summary
The effects of feeding dietary and defatted oyster meat on lipid metabolism were investigated in rats by comparing measurements with those of casein and soybean pro tein. In the first experiment, male rats were fed 0 .1% and 1% cholesterol-supplemented diets containing casein, oyster or soybean protein under the same dietary level of protein (20%) .
The concentrations of serum and liver cholesterol in the oyster group were significantly lower than those in the casein group for both the 0 .1%) and 1% cholesterol-supplemented diets. The cholesterol-lowering effect of oyster meat was more predominant than that of soybean protein. Feeding oyster meat significantly decreased the serum triglyceride concen tration as compared to feeding casein for the 0 .1% cholesterol-supplemented diets, and it re duced hepatic triglyceride concentration in both groups fed the 0 .1% and 1% cholesterol supplemented diets. The excretion of fecal total steroids was higher in the rats fed oyster meat than those fed casein or soybean protein for both the 0 .1% and 1% cholesterol-supple mented diets. In the second experiment, the effects of defatted oyster on lipid metabolism were compared with casein and soybean protein in diets supplemented with cholesterol .
The serum cholesterol concentration in the defatted oyster group was comparable to that in the other two groups, but the ratio of high-density lipoprotein-cholesterol to total choles terol was higher in the defatted oyster group. The feeding of defatted oyster induced a lower liver cholesterol concentration as compared to casein and soybean protein . Serum and liver triglyceride levels were lower in the defatted oyster group than in the casein group . Defatted oyster accelerated the fecal excretion of both neutral and acidic steroids as compared to ca sein. Our results suggest that the feeding of oysters exerts a more potent hypolipidemic ac tivity than soybean protein, and the effect may be ascribed to both lipid and non-lipid frac tions in oyster.
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Although seafoods other than fish, for example , shell fish, crustacean, mollusk, etc., contain a relatively high level of cholesterol, several investigators have observed that seafoods have cholesterol-lowering actions (1-4) . We reported that dietary short-necked clam, shrimp, squid and octopus reduced the concentrations of serum and liver lipids in mice and rats, and the effects were ex erted by both lipid and non-lipid fractions in these seafoods (5-7).
Iritani et al. observed that the concentrations of serum and liver cholesterol and triglyceride in rats were reduced by the feeding of oysters (8) . Childs et al, re ported that oysters are hypolipidemic in normolipi demic men (4) . The hypocholesterolemic effect of oys tern is in part attributed to non-cholesterol sterols such as sitosterol and brassicasterol. Vahouny et al . showed that non-cholesterol sterols in oysters were poorly ab sorbed, and they presumed that these sterols effectively reduce dietary and endogenous cholesterol absorption from the intestine (9) . In general, a relatively large amount of non-cholesterol sterols in relation to dietary cholesterol is usually required to exhibit effective hypoc holesterolemic action (10) . Since the content of non cholesterol sterols contained in oysters is relatively small to exert a cholesterol-lowering action , the hypoc holesterolemic effect of oyster might not be explained only with non-cholesterol sterols. There is little infor mation on the effect of the non-lipid components of oys ters on lipid metabolism. In the present study , the effects of feeding intact oyster and defatted oyster on serum and liver lipid concentrations were investigated in rats by making comparisons to measurements obtained by feeding casein and soybean protein, which have choles E-mail: tanaka@sun,ac,jp Abbreviations: GLC, gas liquid-chromatography; EPA , eicosapentaenoic acid; DHA, docosahexaenoic acid; PUPA , polyunsaturated fatty acids; HDL, high-density lipoprotein. (12) , and the concentrations of cholesterol, triglyceride and phospholipid were mea sured as described elsewhere (13) . Fecal neutral steroids were measured by GLC using an OV-17 column (Chromatotec) after transformation to trimethylsilyl de rivatives, and fecal acidic steroids were assayed by GLC with an AN-600 column (Chromatotec) after methyla tion with diazomethane and acetylation with 23 -nordeoxycholic acid as the internal standard (14, 15 
RESULTS
Effects of dietary oyster in 0.1% (low) and 1% (high) cho lesterol-supplemented diets (Exp. 1) Body weight gain and relative liver weight were high est in the casein and lowest in the soybean protein groups (Table 2 ). These parameters in the oyster group were intermediate between the casein and soybean pro tein groups. Food intake was higher in the rats fed soy bean protein than in the rats fed casein or oyster for the low-cholesterol diet groups.
The concentration of serum cholesterol was signifi cantly lower in the rats fed oyster or soybean protein than in the rats fed casein for the 0.1(%) cholesterol-sup plemented diet groups, and it was lower in the oyster group than in the casein and soybean protein groups for the 1% cholesterol-supplemented diet groups (Table  3 ). The concentration of high-density lipoprotein (HDL)-cholesterol was significantly lower in the oyster and soybean protein groups as compared to the casein group for the low-cholesterol diets, and a reduction was observed only in the soybean protein group for the high-cholesterol diets. The ratio of HDL-cholesterol to total cholesterol was significantly higher in the oyster and soybean protein groups than in the casein group for the 0.1% cholesterol-supplemented diets, and it was higher in the oyster group than in the casein and soy bean protein groups for the 1% cholesterol-supple mented diets. The concentrations of serum triglyceride and phospholipid were significantly lower in the rats fed oyster or soybean protein than in those fed casein for the 0.1% cholesterol-supplemented diets, but no differ ence was observed among the three groups for the 1% cholesterol-supplemented diets. The hepatic cholesterol level was significantly lower Table 2 .
Effects of dietary oyster and defatted oyster on body weight gain, food intake and liver weight of rats. in the oyster group as compared to the casein and soy bean protein groups for the 0.1% cholesterol-supple mented diets. For the 1 % cholesterol-supplemented diets, the concentration of hepatic cholesterol was low est in the oyster group among the three groups, and it was intermediate in the soybean protein group (Table  3 ). The concentration of liver triglyceride was lowest in the oyster group, and it was lower in the soybean pro tein group than in the casein group for the low-choles terol diets. For the high-cholesterol diets, the hepatic triglyceride level was significantly lower in the oyster group than in the casein and soybean protein groups. No difference was observed in the concentration of liver phospholipid for the casein and oyster groups, whereas the hepatic phospholipid level in the soybean protein group was higher than that in the casein and oyster groups for the 0.1% cholesterol-supplemented diets and lowerr than that in the oyster group for the 1% choles terol-supplemented diets. Table 4 shows the fecal excretion of neutral and acidic steroids. Oyster increased fecal weight with both low and high-cholesterol diets. The feeding of oyster accelerated the excretion of neutral steroid, cholesterol plus coprostanol, compared with the feeding of casein or soybean protein in the 0.1% and 1% cholesterol-sup plemented diets. Acidic steroid excretion was higher in the oyster group than in the casein and soybean protein groups for the 0.1% cholesterol-supplemented diets. It was higher in the oyster group than in the casein group for the 1% cholesterol-supplemented diets. In the soy bean protein group, acidic steroid excretion was inter mediate between the casein and oyster groups. Consequently, total steroid excretion was highest in the oyster group among the three groups for both the 0.1 and 1% cholesterol-supplemented diets. Effects of dietary defatted oyster in 0.33% cholesterol-sup plemented diet (Exp. 2) Body weight gain was significantly higher in the rats fed casein or defatted oyster than in those fed soybean protein (Table 2) . Liver weight was significantly lower in the defatted oyster and soybean protein groups than in the casein group.
There was no difference in the concentration of serum cholesterol among the three groups ( Table 5 ). The HDL-cholesterol level was highest in the defatted oyster group, and it was lowest in the soybean protein group. The ratio of HDL-cholesterol to total cholesterol in the rats fed defatted oyster was significantly higher than in the rats fed casein or soybean protein. The con centration of serum triglyceride was significantly lower in the defatted oyster and soybean protein groups than in the casein group. The serum phospholipid level in the defatted oyster group was lower than that in the casein group, but it was higher than that in the soybean pro tein group.
The concentration of hepatic cholesterol was markedly and significantly lower in the rats fed defatted oyster than in the rats fed casein or soybean protein (Table 5) . The liver triglyceride level was significantly reduced in the defatted oyster group, as well as the soy bean protein group, as compared to the casein group. The concentration of liver phospholipid in the defatted oyster group was higher than that in the soybean pro tein group. However, the value was comparable with that in the casein group. Oysters contain a variety of sterols, cholesterol, brassi casterol, 24-methylene cholesterol, sitosterol, etc. It has been reported that non-cholesterol sterols in oysters in hibit cholesterol absorption in the intestine (9) . Since the oyster diets contained 0.21% non-cholesterol sterols, at least a part of the increase of fecal neutral steroid excretion may be ascribed to the non-cholesterol sterols. Iritani et al. also reported that the hepatic cho lesterogenic enzyme activity was decreased in rats fed oyster as compared to rats fed a casein-based control diet (8) . Therefore, the decrease of hepatic cholesteroge nesis may be another cause of the reduced hepatic cho lesterol concentration in the feeding of oyster.
In experiment 2, defatted oyster increased the fecal excretion of neutral and acidic steroids as compared to casein, indicating that components other than lipid in oyster are also responsible for the increase of both neu tral and acidic steroid excretion. Dietary soybean pro tein has been reported to increase fecal neutral and acidic steroid excretion (17, 18) . Oyster protein may exert the same action as soybean protein. Therefore, the enhancement of fecal steroid excretion by the feeding of intact oyster is considered to be exerted both by non cholesterol sterols and by components other than lipid. Since the fecal acidic steroid excretion was higher in the rats fed defatted oyster than in those fed casein or soy bean protein, the non-lipid fraction of oyster might ac celerate the conversion of cholesterol to bile acid in the liver and the binding with bile acid in intestinal lumen.
Intact oyster reduced the serum cholesterol levels in both the 0.1% and 1% cholesterol-supplemented diets. On the other hand, in rats fed defatted oyster, while the fecal steroid excretion increased and the liver choles terol level decreased, the serum cholesterol concentra tion was not reduced. Although the reason is obscure at present, the prolonged feeding of oyster might be neces sary to decrease the serum cholesterol concentration. Because the EPA and DHA content in the oyster diet which corresponded to approximate 1% was too low to expect a hypocholesterolemic effect, the effect of these fatty acids is thought to be negligible, if any.
The ratio of HDL-cholesterol to total cholesterol was higher in the rats fed oyster than in those fed casein.
Since the feeding of defatted oyster also increased the ratio, the components other than lipid in oyster is esti mated to be mainly responsible for the increase of the ratio. Because oyster accelerated the fecal neutral and acidic steroid excretion, the amount of cholesterol ab sorbed from the intestine is estimated to be lower in the rats fed oyster than in the rats fed casein. Oysters contain taurine that has been known to have a hypolipidemic action (19) (20) (21) . It has been estimated that more than 1-2% of taurine in diets is usually re quired to exhibit an effective hypocholesterolemic ac tion (22). Recently, Yokogoshi et al. showed that the taurine supplementation within the 1% level decreased serum cholesterol concentration in a dose-dependent manner in rats fed high cholesterol diets (23). In the present study, the dietary level of taurine was 0.66 and 0.60% in intact and defatted oyster, respectively. Therefore, there is a possibility that taurine is at least in part responsible for the hypocholesterolemic action of oyster.
The feeding of oyster reduced the hepatic triglyceride level as compared to the feeding of casein or soybean protein in both the 0.1% and 1% cholesterol-supple mented diets. Iritani et al. showed that the activities of glucose-6-phosphate dehydrogenase, malic enzyme and acetyl-CoA carboxylase in the liver of rats were reduced by the feeding of oyster (8) . Therefore, the decrease of hepatic triglyceride level in the rats fed oyster is consid ered to be in part induced by the reduction of lipogene sis in the liver. The concentration of liver triglyceride in the rats fed defatted oyster was lower than that in the rats fed casein. Thus, components other than lipid in oyster may have a lipogenesis-lowering action in the liver. We observed that the non-lipid fraction of squid lowered the activities of liver lipogenic enzymes, glu cose-6-phosphate dehydrogenase, malic enzyme and fatty acid synthase, of rats (7) . Defatted oyster may exert a similar action as defatted squid. The value of he patic triglyceride in the rats fed defatted oyster was identical to that in the rats fed soybean protein. Iritani et al. showed that the activities of liver lipogenic en zymes were markedly lower in rats fed soybean protein than in those fed casein (24). A lipogenesis-lowering ac tion in the liver of rats fed defatted oyster may be the same degree of that in the liver of rats fed soybean pro tein. Since dietary EPA and DHA reduced hepatic triglyceride concentration by suppressing the activities of enzymes involving fatty acid synthesis in rat liver (25), the lower triglyceride level in the feeding intact oyster than in the feeding soybean protein is thought to be in part induced by EPA and DHA included in oyster. The serum triglyceride level was lower in the rats fed de fatted oyster and soybean protein than in the rats fed casein. This reduction is considered to be induced by the decrease of lipogenesis.
The present study showed that oyster decreases the serum and liver cholesterol concentrations and the liver triglyceride concentration, and their effects are stronger than that of soybean protein.
Since defatted oyster in duced the lower hepatic cholesterol and triglyceride lev els, we considered that the effects of oyster were mainly exerted by components other than lipid in oyster.
However, there is a possibility that in the rats fed oyster the increase of fecal steroid excretion and the reduction of hepatic triglyceride concentration are related to non cholesterol sterols and n-3 PUFA, respectively.
Therefore, it is suggested that the hypolipidemic effects of oyster is attributable to both lipid and non-lipid com ponents in oyster.
